The electrical properties of the medium around a probe in the outer magnetosphere and in interplanetary space are modified by photoemission. Information on the energy distribution of the photoemitted electrons is important for the evaluation of the physical parameters of the surrounding photosheath and for the interpretation of the probe measurements. This energy distribution has been determined for various materials exposed to sunlight, at the earth's orbit, by combining laboratory measurements on photoemission with solar spectrum data collected in space. It is found that the photoelectron saturation current density is a function of the material and can vary from a few microamperes per square meter up to saveral tens of microamperes per square meter; the photoelectron density is of the order of 10 In this paper we compute the energy distribution of photoelectrons emitted from these materials in sunlight; we derive the current voltage characteristic and the ae electric con- 2885 
GRARD: SATELLITE P•IOTOELECTRON SHEATH
ductance of probes made of these materials. Other parameters of the photosheath are also given, such as the electron density and electric field on the surface. The effect of the ambient plasma is also discussed, and typical values are given for the floating potential of the surface. A similar study dealing with the lunar surface has been presented elsewhere [Fe•erbacher et al., 1972] .
For clarification, a list of symbols is given in appendix 2.
EXPERIMENTAL i•ESULTS Data on the Solar Flux
The knowledge of the solar photon energy distribution at the earth's orbit is essential for the study of photoemission in space. Measurements of the energy spectrum S(w) per sec m 2 ev are shown in Figure I against the photon energy w in electron volts. These data have been collected by Allen [1955] , Friedman [1963] and Hinteregger et al. [1965] and have been gathered by Walbridge [1971] . The knowledge of the current voltage characteristic of the probe is therefore essential for the determination of its equilibrium potential; in addition, the derivative of this characteristic curve yields the ac conductance of the probe at low frequencies. The contribution of the surrounding plasma to the incremental conductance of the probe can be neglected when the energy of the ambient particles is much higher than that of the photoelectrons and the incoming flux is not influenced by the probe potential.
Let us now define a shielding distance for the photoelectrons analogous to the Debye length in a plasma:
where e•e is the mean kinetic energy of the photoelectrons when they are emitted and No is the electron volume density near the surface.
We consider two extreme situations; first the probe is assumed to be a small sample, or a point source, which means that its size is much smaller than ho; then we treat the case of a planar surface, the dimensions of which are much larger than ho. These two geometries are illustrated in Figure 10 .
In first approximation the equipotential surfaces are spherical around a point source. If the photoelectrons are emitted radially out of the sample, the distance at which they are reflected is a function of their initial energy but is independent of the direction along which they have been emitted, as can be seen in Figure   10a 
is reached when the probe potential corresponds to the most probable energy in the distribution, e•. Values of go a, re listed in Table 2; they range from 2 to 20 •mhos/m 2. Planar surface. The electric properties of a large planar probe depend on the particle motion along a direction perpendicular to its surface. Therefore the knowledge of the energy e• associated with the 'perpendicular component of the velocity is more important than that of the total electron energy e•, which has been considered so far.
The energy distribution associated with the perpendicular motion P(•) can be derived for a given material from the total energy distribution p(•). The detail of this treatment can be found in the appendix, and the main result is given by (A29). The only assumption to be made in this derivation is given by (A6) and concerns the angular dependence of the directional flux. Photoemission is taken to be isotropic, which is realistic for amorphous materials such as those presented in this study but would not necessarily hold for monocrystals or for finely powdered substances.
The energy distribution associated with the perpendicular motion of the electrons, P(•), is plotted in Figures 2d-9d ; the reference axes are the same as for the function p(•).
The energy associated to the. rms velocity component along the perpendicular to the plane, e•, is defined in Table 1 The maximum per unit area conductance,
is obtained when the probe is at space potential.
Values of Go are listed in Table 2 It is implied in the theoretical treatment, which leads to (A30), that the density of the particles leaving the surface is the same as that of those returning to it; this means that the probe potential is supposed to be such that the flux of photoelectrons that is not returning to the surface, given by (8) or (12), is small as compared to the saturation flux I8.
The values of No, which are recapitulated in Table 2 , lie in the range 10•-10 • el/cm'; these electron densities are about 2 orders of magnitude larger than that of the ambient plasma beyond the plasmapause.
The shielding distance ho has also been computed from (7); typical values are shown in Table 2 
is also equal to the columnar content of the photoelectron sheath, which is the electron volume density integrated throughout the sheath along a direction perpendicular to the surface; values of ao are also given in Table 2 . 
where eq5o is the most probable energy. Analytical results associated with this distribution are found in Table 1 ; it is seen that the currentconductance ratio for a planar probe is constant and given by
eI(ek)/a(ek) = •o (20)
The average monoenergetic and Maxwellian models are compared in Figure 11 . The energy distributions displayed in Figure 11a have the same mean kinetic energy. The right verticaI axis has been graduated in microvolts per square meter, since the same curves also represent the per unit area conductance for a small sample; it is assumed that the saturation current density is the same for the analytical models as for the average model. The corresponding curves for a planar surface are displayed in Figure 11b . In addition, the current density characteristics for a small sample and a planar surface, respectively, have been drawn for the three models in Figure 11(c, d) . More numerical comparisons have been made in Table 2 .
It is seen is Figure 11 that a typical experimental energy distribution, such as that obtained with the average model, can be approximated by a Maxwellian distribution. It is also shown in Table 2 that parameters that characterize the photoelectron sheath, such as No, •o, Eo, and fro, are practically not affected by the shape of the energy distribution.
E#ect of a Tenuous Ambient Plasma
In the absence of ambient plasma the photocurrent emitted by a probe ip is obtained by integrating the current density over the fective area for photoemission. Note that this area is generally smaller than that of the tire surface of the body; the ratio of the two areas is equal to one for a planar surface under normal light incidence, but it is of the order of 4 for a spherical body. The photocurrent characteristic is schematically represented in Figure 12 ; the reference for the voltage is space potential. For negative values of the potential the current is constant and equal to the Considering now the effect of an ambient plasma and neglecting for the moment photoemission, one can see that the current voltage characteristic is that of a Langmuir probe. In the case of a planar probe, the current ia is practically equal to the plasma electron saturation current for positive values of the probe potential; the ion saturation current, on the contrary, is reached for very negative values of the voltage. The probe is generally floating at a negative voltage that depends on the plasma temperature, unless secondary emission plays a significant role, as was discussed by Knott [1972] .
Subtracting the photocurrent from the ambient plasma current, we obtain the net current riowing through the probe. In equilibrium the current away from the body must equal the current into it; in a tenuous plasma a small flux of ambient electrons allows an equal flux of the most energetic photoelectrons to escape, and the probe is floating at a positive potential.
It is seen in Figure 12 that Langmuir probe measurements made in interplanetary space must be interpreted with extreme care, since the plasma current may be completely masked by photoemission. In addition, if the photoelectron sheaths of the probe and that of the body with respect to which the probe is biased are overlapping, the existence of a stray photoelectron current through the sheaths will further complicate the task of the experimenter.
When secondary emission is neglected, the floating potential of a body • is defined by the equality between photocurrent and plasma current. Assuming that photoelectrons have a Maxwellian energy distribution and that their most probable energy is equal to eeko, we can Table 2 The exact configuration of the photoelectron to estimate the floating potential of a space-sheath in deep space can now be derived for craft at synchronous orbit. Typical values for bodies of various shapes by using the results the ambient electron flux at the geostationary of the present study as input data for already altitude, which can be deducted from the ATS 5 existing simulation programs [So,op, 1972 
